Introduction: New open-angle glaucoma (OAG) and ocular hypertension (OHT) therapies that reduce treatment burden and improve outcomes relative to currently available agents are needed. Netarsudil, a novel Rho kinase inhibitor approved by the US Food and Drug Administration, reduces intraocular pressure (IOP) by increasing trabecular outflow. Two phase 3 superiority studies compared a fixeddose combination (FDC) of netarsudil and the prostaglandin latanoprost with each active component for IOP-lowering efficacy. Methods: Pooled efficacy and safety data were analyzed from MERCURY-1 and -2 studies in patients with OAG or OHT. Patients instilled one drop of netarsudil (0.02%)/latanoprost (0.005%) FDC (n = 483), netarsudil (0.02%, n = 499), or latanoprost (0.005%, n = 486) into each eye
randomized to netarsudil/latanoprost FDC or netarsudil or latanoprost, 30.9% vs 5.9% (p \ 0.0001) vs 8.5% (p \ 0.0001) achieved at least a 40% reduction from baseline in mean diurnal IOP. Pooled safety results were consistent with individual MERCURY studies. Conclusion: Once-daily netarsudil/latanoprost FDC produced statistically significant and clinically relevant reductions in mean IOP that were statistically superior to IOP reductions achieved by netarsudil and latanoprost monotherapy. Results of the pooled efficacy and safety analyses were consistent with the individual studies. Trial registration: ClinicalTrials.gov identifiers, NCT02558400 and NCT02674854.
PLAIN LANGUAGE SUMMARY
In patients with open-angle glaucoma (OAG) or ocular hypertension (OHT), treatment to lower intraocular pressure (IOP) is needed to prevent optic nerve damage and vision loss. Many patients do not achieve sufficient IOP lowering with a single drug. The use of multiple IOP-lowering agents, which may have different dose regimens, can be complex and reduce patient adherence. Combination treatments that incorporate multiple agents are available, but until recently none included a prostaglandin analogue, the most widely prescribed first-line therapy. A once-daily, fixed-dose combination (FDC) therapy (ROCKLATAN Ò ) has been approved in the USA that contains the prostaglandin analogue latanoprost and netarsudil, a novel Rho kinase inhibitor. The netarsudil/latanoprost FDC demonstrated efficacy and safety in lowering IOP among patients with OAG and OHT in the 12-month MERCURY-1 and the 3-month MER-CURY-2 clinical trials. To better characterize efficacy and safety, we pooled and analyzed the data from each trial. The pooled data support the findings of the individual studies: Efficacy:
1. Netarsudil/latanoprost FDC demonstrated statistical superiority to the individual components netarsudil and latanoprost in decreasing IOP at all time points assessed over 3 months.
2. Nearly twice as many patients receiving FDC achieved at least a 30% reduction from baseline in IOP, as recommended by the American Academy of Ophthalmology for a first-line treatment, compared to the IOP reduction achieved by netarsudil and latanoprost monotherapy. Safety: No new safety signals were identified. Netarsudil/latanoprost FDC was associated with no treatment-related serious adverse events, minimal systemic adverse events, and manageable ocular adverse events.
Keywords: Clinical
trial; Fixed-dose combination; Glaucoma; Intraocular pressure; Latanoprost; Netarsudil; Ocular hypertension; Prostaglandin analogue; Rho kinase inhibitor
Key Summary Points

Why carry out this study?
A fixed-dose combination (FDC) therapy to lower intraocular pressure (IOP), consisting of latanoprost and the novel Rho kinase inhibitor netarsudil, has been approved in the USA for the treatment of open-angle glaucoma and ocular hypertension.
The 12-month MERCURY-1 and 3-month MERCURY-2 clinical trials demonstrated that the netarsudil/latanoprost FDC lowered IOP significantly more than the individual components, with an acceptable safety profile.
The purpose of this analysis was to pool and analyze data from MERCURY-1 and -2 in order to further characterize netarsudil/ latanoprost FDC in a large, combined population.
What was learned from the study?
Efficacy data confirmed the results of the individual studies, indicating significantly superior IOP lowering with the FDC, compared to netarsudil alone and latanoprost alone, at every time point assessed over 3 months.
No new safety signal emerged, with common adverse events of conjunctival hyperemia, cornea verticillata, and conjunctival hemorrhage. No treatmentrelated serious adverse events were reported.
INTRODUCTION
Two phase 3 studies, MERCURY-1 and MER-CURY-2, were conducted to investigate efficacy and safety of a once-daily, fixed-dose combination formulation (FDC) of netarsudil and latanoprost (ROCKLATAN Ò ) for treatment of patients with open-angle glaucoma (OAG) or ocular hypertension (OHT) [1] [2] [3] . These studies demonstrated that the netarsudil/latanoprost FDC produced statistically and clinically relevant reductions from baseline in intraocular pressure (IOP) that exceeded the reductions provided by either agent alone.
Patients with OAG or OHT treated with a single therapeutic agent often do not achieve their target IOP, placing them at increased risk for disease progression, optic nerve damage, and vison loss [4, 5] . The use of several IOP-lowering agents requiring multiple daily doses can complicate dosing regimens and reduce patient adherence to therapy, which also compromises outcomes [6] [7] [8] . FDC products can simplify treatment. Before the approval of netarsudil/latanoprost FDC, however, FDC agents available in the USA required multiple-daily dosing and did not contain a prostaglandin analogue, the most widely prescribed first-line therapy for elevated IOP [9] . There is a clinical need for a safe, once-daily FDC treatment with two different IOP-lowering agents with complementary mechanisms of action, ideally including a prostaglandin analogue.
Netarsudil, a Rho kinase (ROCK) inhibitor, was approved by the US Food and Drug Administration in December 2017 for reducing IOP in patients with OAG or OHT [10]. Netarsudil targets the underlying pathophysiology of elevated IOP, increased trabecular outflow resistance, and thereby increases trabecular outflow and reduces IOP [11] [12] [13] [14] [15] [16] . Latanoprost, the most commonly prescribed prostaglandin analogue, has a complementary mechanism of action, lowering IOP by increasing uveoscleral outflow [9, 17] . The netarsudil/latanoprost FDC was developed to meet the need for a oncedaily, highly efficacious, and safe treatment for OAG and OHT.
We hypothesized that a pooled dataset from MERCURY-1 and -2 would yield efficacy and safety data consistent with the results of the individual studies. Here we present the results of a pooled efficacy analysis of the MERCURY-1 and -2 studies at 3 months, the time point that matches the primary efficacy analyses, and a pooled safety analysis up to 12 months. . The studies were conducted in accordance with IRB regulations and Good Clinical Practice Guidelines and adhered to the tenets included in the Declaration of Helsinki. The MERCURY-1 study was conducted in the USA for 12 months [1] . The MERCURY-2 study was conducted in the USA and Canada for 3 months [3] . Both MERCURY-1 and -2 studies were phase 3, randomized, double-masked, multicenter, active controlled, parallel-group, safety and efficacy studies evaluating treatment to reduce elevated IOP in patients with a diagnosis of OAG or OHT.
METHODS
Study Populations
Patients included in the studies were at least 18 years of age in the USA or at least 19 in Canada (see Table S1 in the supplementary material for key inclusion and exclusion criteria). A diagnosis of OAG or OHT in both eyes was required; however, both eyes did not need to have the same condition. Both eyes had to qualify at all qualification visit time points. Unmedicated (post-washout) IOP in both eyes had to be more than 20 to less than 36 mmHg at 08:00 during two qualification visits (2-7 days apart) and more than 17 to less than 36 mmHg at 10:00 and 16:00 at the second qualification visit. The minimum washout period was 4 weeks for patients using prostaglandin analogues or beta-adrenoreceptor antagonists prior to study entry, 2 weeks for those using alphaadrenergic agonists, and 5 days for those using muscarinic agonists or carbonic anhydrase inhibitors. An additional inclusion criterion was best corrected visual acuity (BCVA) of ? 1.0 logMAR or better (equivalent to 20/200 or better Snellen visual acuity in each eye).
Patients were excluded from the studies if they had clinically significant ocular or systemic disease that might interfere with interpretation of the study results. Excluded conditions included, but were not limited to, pseudoexfoliation or pigment dispersion component glaucoma and a history of angle-closure glaucoma or narrow angles (Shaffer grade 2 or less; extreme narrow angle with complete or partial closure). Patients who had used any ocular hypotensive medications within 30 days of screening were also excluded. Patients with known contraindications or hypersensitivity to latanoprost were ineligible to participate. Pregnant women were excluded, as were women of child-bearing potential if they were nursing, planning a pregnancy, or were not using a medically acceptable form of birth control.
Procedures
The screening visit (visit 1) occurred up to 28 days prior to the first of two qualification visits (visits 2 and 3) [the second qualifying, or visit 3 is also day 1 of treatment]). Patients were randomized (1:1:1) to receive an FDC of netarsudil (0.02%)/latanoprost (0.005%) ophthalmic solution, single agent netarsudil ophthalmic solution 0.02%, or single agent latanoprost ophthalmic solution 0.005%. Randomization was managed using an interactive internetbased response system and the randomization code was prepared by an independent biostatistician. Treatment assignments were masked to investigators, the clinical study team, and patients. Patients were also stratified by investigative site and maximum baseline IOP (\ 25 vs. C 25 mmHg). Patients were instructed to instill one drop of study drug into each eye once per day beginning at day 1 in the evening between 20:00 and 22:00 at approximately 24-h intervals.
Endpoints
The primary efficacy endpoint was comparison of netarsudil/latanoprost FDC ophthalmic solution relative to each of its active components (netarsudil and latanoprost) for mean IOP within a treatment group at 08:00, 10:00, and 16:00 at the week 2, week 6, and month 3 study visits. Secondary endpoints included mean diurnal IOP at each post-treatment visit and proportion of patients achieving prespecified levels for mean diurnal IOP, mean change in diurnal IOP, and percentage mean change in mean diurnal IOP at each post-treatment visit.
Safety data up to 12 months from patients who received at least one dose of study medication were pooled by treatment arm; MER-CURY-1 included patients who completed up to 12 months of treatment, and MERCURY-2 included patients who completed up to 3 months of treatment [2, 3] .
Efficacy Assessment
Qualified individuals measured IOP using a calibrated Goldmann applanation tonometer. Two consecutive IOP measurements were obtained for each eye. If the two measurements differed by more than 2 mmHg, a third measurement was obtained. IOP was analyzed as the mean of two measurements or as the median of three measurements. For enrolled patients, the study eye was the eye with the higher IOP at 08:00 on visit 3 (day 1). If both eyes had the same IOP at 08:00 on visit 3, then the right eye was the study eye. Efficacy data from the intentto-treat population (ITT) of each study were pooled by treatment arm. The ITT population included all randomized patients who received at least one dose of study medication and was the primary population for all efficacy analyses.
Statistical Analysis
The primary outcome was evaluated using an analysis of covariance (ANCOVA) model with mean IOP at the given visit (week 2, week 6, and month 3) and time point (08:00, 10:00, and 16:00) as the response, baseline IOP as a covariate, and treatment as a main effect factor, using the ITT population with multiple imputation techniques (e.g., Monte Carlo Markov chain [MCMC]) for missing data. Each time point within each visit was modeled separately.
The least-squares mean differences (netarsudil/latanoprost FDC minus comparator) were tested between netarsudil/latanoprost FDC ophthalmic solution and each of the individual ophthalmic solutions (latanoprost 0.005% and netarsudil 0.02%). The two-sided p values and associated 95% confidence intervals were calculated. For a given comparator (latanoprost and netarsudil), statistical superiority was concluded if the p value was less than 0.05 and the point estimate was less than 0 for all time points at the week 2, week 6, and month 3 visits.
Safety Assessment
All safety analyses were carried out using the safety population, defined as all randomized patients who received at least one dose of investigational product, and included the study eye and fellow eye separately where applicable.
Safety variables evaluated in this study for all enrolled patients included symptoms/adverse events (AEs); comfort testing (ocular tolerability); heart rate; blood pressure; biomicroscopy of the anterior segment including evaluation of the cornea (by fluorescein staining), conjunctiva, and anterior chamber; dilated ophthalmoscopy; best corrected visual acuity; pupil size; visual fields; pachymetry; IOP; and clinical chemistry and hematology laboratory findings. Specular microscopy was performed in MER-CURY-2 patients.
RESULTS
Efficacy
The pooled MERCURY-1 and -2 ITT population consisted of 1468 patients at baseline. At month 3, 1310 of those patients (89%) remained in the studies (Fig. S1 in the supplementary material). Baseline demographic characteristics in the pooled efficacy population were similar across all treatment groups ( Table 1 ). More than half of the patients in any treatment group were older than 65 years and most patients (73%) were diagnosed with OAG.
Baseline (day 1) mean diurnal IOP was 23.6, 23.6, and 23.5 mmHg in the netarsudil/latanoprost FDC, netarsudil, and latanoprost groups, respectively. Post-treatment mean diurnal IOP in each group was 15.3, 18.1, and 17.5 mmHg at week 2 (p \ 0.0001 vs. netarsudil and latanoprost), 15.7, 18.4, and 17.4 mmHg at week 6 (p \ 0.0001 vs. netarsudil and latanoprost), and 15.8, 18.4, and 17.3 mmHg at month 3 (week 12) (p \ 0.0001 vs. netarsudil and latanoprost). The netarsudil/latanoprost FDC met the criteria for superiority compared with single agents netarsudil or latanoprost at all nine time points (p \ 0.0001 vs. netarsudil and latanoprost at each time point) ( Fig. 1) .
Between week 2 and month 3, the netarsudil/latanoprost FDC lowered IOP by up to 3.2 mmHg more than netarsudil and lowered IOP by up to 2.5 mmHg more than latanoprost. By month 3, an almost threefold higher proportion (32.3%) of patients in the netarsudil/ latanoprost FDC group achieved a mean diurnal IOP of at most 14 mmHg compared with the netarsudil (10.8%, p \ 0.0001) and the latanoprost (11.8%, p \ 0.0001) groups (Fig. 2a ). Nearly 60% (58.4%) of patients randomized to netarsudil/latanoprost FDC treatment achieved IOP of at most 16 mmHg compared with 37.3% of patients treated with latanoprost (p \ 0.0001) at month 3 (Fig. 2a) .
The proportion of patients who achieved at least a 40% reduction from baseline in mean diurnal IOP was 30.9% with netarsudil/latanoprost FDC compared with 5.9% with netarsudil (p \ 0.0001) and 8.5% with latanoprost (p \ 0.0001) (Fig. 2b ). Nearly twice as many patients in the FDC group (61.5%) achieved at least a 30% reduction from baseline in mean diurnal IOP compared with latanoprost (33.2%, p \ 0.0001) (Fig. 2b) . The proportion of patients who achieved at least a 20% reduction from baseline in mean diurnal IOP was approximately 86.5% in the netarsudil/latanoprost FDC arm compared with 52.8% in the netarsudil arm (p \ 0.0001) and 75.1% in the latanoprost arm (p \ 0.0001) (Fig. 2b) .
Safety
At baseline there were 1468 patients in the pooled safety population (Fig. S2 in the supplementary material). Among these, 1195 patients (81.4%) completed treatment. MERCURY-1 Percentages are based on the number of patients (n) in a given treatment group for the analysis population IOP intraocular pressure, SD standard deviation a Other includes Native American, American Indian or Alaskan native, and multiple races patients received treatment for 12 months and MERCURY-2 patients received treatment for 3 months. The most frequent reason for discontinuations were AEs for the FDC and netarsudil groups. In the latanoprost group patient withdrawal of consent was the most frequent reason for discontinuation from the studies. Approximately the same percentage (B 2.9%) of patients withdrew consent across treatment groups.
No treatment-related serious AEs were reported in any treatment arm ( Cornea verticillata was reported in 15.4% (74/482) of patients receiving netarsudil/latanoprost FDC, 11.6% (58/498) of those receiving netarsudil, and no patients (0/488) receiving latanoprost. This frequency was as observed in previous studies with netarsudil [15] . Most cases of cornea verticillata were mild: 98.6% (73/74) of affected patients treated with netarsudil/latanoprost FDC and 96.6% (56/58) of affected patients treated with netarsudil. No severe cases were reported with any treatment. Discontinuations were attributed to cornea verticillata in The third most frequent ocular AE was conjunctival hemorrhage, which occurred in 10.8% of netarsudil/latanoprost FDC-(52/482), 14.5% of netarsudil-(72/498), and 1.0% of latanoprost-treated (5/488) patients. The vast majority of cases of conjunctival hemorrhage were graded as mild in any treatment group and no severe cases were reported. Among all patients, two treated with netarsudil and no patients treated with either the netarsudil/latanoprost FDC or latanoprost discontinued as a result of conjunctival hemorrhage.
Non-ocular AEs were manageable and low in frequency ( Table S2 in the supplementary material). Headache was the most common non-ocular AE, occurring in 1.8% (9/498) of patients treated with netarsudil. The next most common non-ocular AE was nasopharyngitis with a frequency of 1.7% (8/482) in the netarsudil/latanoprost FDC treatment group. Percentages are based on the number of patients (n) in a given treatment group for the safety population AE treatment emergent adverse event In the system organ class or preferred term, n is the number of patients with at least one adverse event; % is based on the number of patients (n) in a given treatment group for the safety population When reporting incidence, a patient was only counted once if they ever experienced an event within the system organ class or individual preferred term. System organ class and preferred term are based on Version 19.0 of the MedDRA coding dictionary DISCUSSION Netarsudil, a ROCK inhibitor, reduces IOP by novel mechanisms of action that lead to increased trabecular outflow [12] [13] [14] [15] [16] 18] . In preclinical and human studies, the distinct mechanism of action of netarsudil has been demonstrated to involve increasing trabecular outflow by decreasing actomyocin-driven cellular contraction and reducing production of extracellular matrix proteins [12, 19] . Netarsudil was also shown to decrease episcleral venous pressure [12, 18, 19] . Latanoprost has a complementary mechanism of action, lowering IOP by increasing uveoscleral outflow, and is the most commonly prescribed prostaglandin analogue to treat elevated IOP [9] . This pooled analysis of efficacy data from both phase 3 MERCURY studies demonstrated results consistent with the individual studies, showing that the FDC of netarsudil/latanoprost was superior in reducing IOP compared with either netarsudil or latanoprost single agents. Importantly, nearly twice as many patients treated with netarsudil/latanoprost FDC, compared with latanoprost, achieved IOP reductions of 30% or greater. In addition to the individual MER-CURY-1 and -2 study results, this pooled analysis further supports the hypothesis that combining two IOP-lowering agents with distinct mechanisms of action can reduce IOP with greater efficacy than either agent alone. Analysis of pooled safety data indicated that these results were also consistent with those of the individual MERCURY studies up to 12 months [1] [2] [3] . Netarsudil/latanoprost FDC was associated with no treatment-related serious AEs, minimal systemic AEs, and tolerable ocular AEs. The netarsudil/latanoprost FDC did not result in the emergence of any AE not previously documented with either single agent netarsudil or latanoprost.
Elevated IOP is a risk factor for glaucoma that can be modified by therapeutic intervention [5, 20, 21] . Single agent therapy often does not achieve the target IOP [4, [6] [7] [8] . Adjunctive therapies or polypharmacy involves complex dosing regimens that compromise patient adherence to therapy and hinder treatment efficacy [6] [7] [8] . Although FDC products may alleviate some burden of administration associated with multiple products, the earlier FDC agents available in the USA (brinzolamide/brimonidine FDC, timolol/dorzolamide FDC, and timolol/brimonidine FDC) require multiple daily doses and most contain timolol (badrenoceptor antagonist), which is contraindicated in patients with certain respiratory and cardiac conditions [22, 23] . Furthermore, the earlier FDC products do not contain prostaglandin analogues, which are the most effective treatments for elevated IOP [9] .
As with any post hoc analysis, the conclusions of this study must be interpreted with caution. Further, OAG and OHT are chronic conditions, necessitating long-term treatment likely to extend beyond the 12-month window for safety data analyzed here.
This pooled analysis of phase 3 MERCURY-1 and MERCURY-2 pivotal studies was limited by the design differences between the two studies [1, 3] . MERCURY-1 was a 3-month study for efficacy endpoints and a 12-month study for safety endpoints whereas MERCURY-2 was a 3-month study for efficacy and safety endpoints. Thus, the pooled efficacy analysis included up to 3-month data from both trials. The pooled safety analysis included data from the MERCURY-1 study up to 12 months and data from the MERCURY-2 study up to 3 months. While this pooled analysis confirmed and strengthened findings from the individual MERCURY-1 and -2 studies that the netarsudil/ latanoprost FDC lowers IOP significantly more than monotherapy with either component, it does not inform how this FDC compares with other FDC products for reducing IOP. The ongoing MERCURY-3 study (NCT03284853) ''Safety and Efficacy Study of PG324 (Netarsudil/ Latanoprost 0.02%/0.005%) Ophthalmic Solution Compared to GANFORT Ò Ophthalmic Solution in Open Angle Glaucoma or Ocular Hypertension'' is designed to address comparative efficacy with another FDC product.
CONCLUSIONS
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